-bo°\ 

Requested Patent: EP0141673A2 
Title: FILTERING ELECTRICAL SIGNALS. ; 

Abstracted Patent: EP0141673 ; 

Publication Date: 1 985-05-1 5 ; 

lnventor(s): CRAMPTON EDWARD CHRISTOPHER TH ; 

Applicants): EM LUX LTD (GB) ; 

Application Number: EP1 9840307661 19841106 ; 

! Priority Number(s): GB19830029692 19831107 ; 

IPC Classification: H04B3/56 ; 

Equivalents: DE3475037D, GB2148643 ; 

ABSTRACT: 

A ferrite loop 21 encircles the line 1 1 and neutral 12, but not the earth cable 1 3 of a mains 
supply. The loop 21 also encircles a further loop 22 which comprises a capacitor 23. The further 
loop 22 including its capacitor 23 forms a parallel LC circuit which provides a high impedance to 
signals at the resonant frequency of the LC circuit in a circuit including the neutral and earth 
cables. The filter has substantially no effect on signals at mains frequency, since the loop 21 
encircles both the line cable 11 and the neutral cable 12. There is also disclosed a filtering 
system comprising two such filters arranged along the arm of a T-fitter system, the stem of the T 
comprising a series LC circuit to provide a low impedance path for signals at its resonant 
frequency. 
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@ Filtering electrical signals. 



A ferrite loop 21 encircles the line 1 1 and neutral 1 2. but not 
the earth cable 1 3 of a mains supply. The loop 21 also encircles a 
further loop 22 which comprises a capacitor 23. The further loop 
22 including its capacitor 23 forms a parallel LC circuit which 
provides a high impedance to signals at the resonant frequency of 
the LC circuit in a circuit including the neutral and earth cables. 
The filter has substantially no effect on signals at mains fre- 
quency, since the loop 21 encircles both the line cable 1 1 and the 
neutral cable 12. 

01 There is also disclosed a filtering system comprising two 
such filters arranged along the arm of a T-filter system, the stem 
of the T comprising a series LC circuit to provide a low impedance 
path for signals at its resonant frequency. 
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FILTERING ELECTRICAL SIGNAIfi 

This invention relates to filtering electrical 
signals. When electric cables carry signals of different 
frequencies, it is often desired to filter out signals 
of one band of frequencies while leaving substantially 
uneffected signals in another band of frequencies. 
The electrical power cables within a building carry 
electrical currents at mains frequency and these 
currents travel from the central power station to all 
the buildings in a given area. The same cables within a 
given building may be used for carrying communication 
signals, but those communication signals are only wanted 
within the given building and should not travel to other 
buildings or to the central power station where they 
may cause interference , The present, invention can be 
applied to filtering out signals in the communication 
frequency band while leaving unaffected signals of the 
mains frequency. 

The cables carrying the mains supply to the build- 
ing carry high currents and it is dangerous to make 
connections and disconnections with them while the 
currents are flowing and yet inconvenient to cut off 
the mains supply while such connections and disconnec- 
tions are made. This invention uses a ferrite loop 
which can be assembled round the cables without having 
to make connection with them or disconnect the current 
flow. Further advantages of this are that as the cur- 
rent is in balance, at 50 Hz the transformer has no 
effect on the supply and therefore consumes no power 
nor disturbs the flow in any way. Ferrite loops are 
known for use in electrical filters, but not in the 
particular arrangement of the invention. 

According to the invention there is provided an 
electrical filter for application to electrical cables 
including a line cable, a neutral cable and an earth 
cable, the filter comprising a ferrite loop encircling 
the neutral and line cables but not the earth cable, 
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the ferrite loop also encirc ling another loop including 
a capacitor. Because the current flows through the 
neutral and line cables are equal and opposite , the 
net current at the frequency band of the main signals 
5 in the neutral and line cables is zero and the filter 
has substantially no effect on them. The inductance 
of the ferrite loop electrically connects the capacitor 
to the neutral wire forming a parallel LC circuit in the 
neutral cable and the values of the inductance and the 

10 capacitor are chosen so that the parallel circuit has ~ 
maximum impedance at the centre of the frequency band 
to be filtered out of the cables. 

Besides wishing to keep communication signals jp 
the cables within the building from passing out of the 

15 building, it may also be desired to keep communication 

signals in the cables outside the building from entering 
the building and so a second filter may be provided 
outside the building. These two filters may form the 
cross-arm of a T filter, the stem being formed by a 

20 series resonant circuit tuned to the same communication 
frequency so as to provide a very low impedance at the 
centre of the band of communication frequencies to 
short-circuit any such communication signals which may 
have passed through the parallel circuits either from 

25 inside or outside the building. 

An example of the invention will now be described 
with reference to. the accompanying drawings in which: 
Pig 1 is a schematic diagram of a communication 

* 

system within a building connected to the mains supply 
30 and using a filter according to the present invention, 

Pig 2 is an equivalent circuit of the filter of 
Pig 1, 

Pig 3 is a further equivalent circuit of the filter 
of Fig 1, 

35 Pig 4 shows a T-filter arrangement using the filter 

of Fig 1, and 

Pig 5 is an equivalent circuit of the filter of 
Pig 4. 
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The mq-j-ng supply of a building comprises a line 
wire 11, a neutral wire 12 and an earth wire 13. A 
communication system within the building comprises a 
transmitter 14 connected between the neutral wire 12 and 
the earth wire 13 and a plurality of receivers 15 (only- 
one shown) also connected between the neutral wire 12 
and the earth wire 13. The communication system 
operates at a very much higher frequency than the mains 
frequency, of the order of 100 kilohertz. A filter 20 
is provided where the mains supply enters the building 
to stop communication frequency si gn a l s passing 
outside the building on the mains cables and also to 
prevent spurious signals on the mains cables outside the 
building from interfering with the .communication system 
within the building. The filter 20 comprises a ferrite 
loop 21 encircling the neutral wire 12 and the live 
wire 11 and also encircling a loop 22 containing a 
capacitor 23. The ferrite loop 21 may be made -in two 
or more parts which are fitted together around the 
neutral and line wires 11 and 12 without the need to 
breal^ them on assembly of the filter. The earth wire 
13 does not pass through the loop 21 and it should be 
noted that it is the line and neutral wires 11 and 12 
which pass through the loop whereas it is the earth 
and neutral wires 12 and 13 which are used for the 
communication system. 

Fig 2 shows an equivalent circuit of the filter 
of Pig 1 where the interaction of the neutral wire 
12 and the ferrite loop 21 is shown as a single turn 
31 in the neutral wire 12 around a core 32 which 
transfers magnetic flux to a single turn 33 in the 
capacitor loop 22. The transformer ratio can be 
altered by providing more than one turn of the loop 22 
around the ferrite loop 21. 

Fig 3 shows a further equivalent circuit where 
the transformer coupling the ferrite core 32 brings 
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the capacitor 23 into a parallel resonant circuit 
with the inductance of the ferrite loop 21 in the 
neutral wire 12. The values of the inductance and 
capacitance are chosen so that the centre of the band 
of communication frequencies is equal to (2^/10)" , 
where L is measured in Henrys, C is measured in farads 
and the frequency is in cycles per second. The filter 
20 provides a high impedance at the communication 
frequency where the cables leave the building whereas 
the impedanee between the earth and neutral -wires without 
the filter is fairly low. The communication 
signals are therefore restricted within the building. 
The mains current is however unaffected by the loop 
since both the neutral and line wires 11 and 12 pass 
through the loop and the net current passing therethrough 
is zero. A loop which encircles only one of the line 
and neutral wires 11 and 12 that have a high net 
current and would therefore have to be built to with- 
stand the high mains current which might be encountered. 

In order to prevent communication signals outside 
the building from entering the building and interfering 
with the communication system within the building, a 
second filter can be provided where the cables enter 
the building to prevent communication frequency signals 
entering the building. Between the two such filters 20a, 
as illustrated in Pig 4, a series resonant circuit 20b 
also tuned to the centre of the communication frequency 
band is provided between the earth and neutral wires 
to absorb signals which may have passed through the 
ferrite loop filters in either direction. This series 
circuit can easily be connected without interfering 
with the main supply by piercing the insulation of the 
neutral wire and connection to a suitable earth point. 
Fig 5 shows the equivalent circuit of the T filter of 

Pig 4. The series resonant circuit 206 has a ferrite core 
in its coil. 
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The communication system may use any frequencies 
outside those used by the mains supply, and a suitable 
band is 20 kilohertz to 500 kilohertz. The filter of 
the invention may be applied to any suitable environment, 
and is not limited to filtering communication signals 
from mains signals as described in the preferred 
embodiment above. 

The advantage of connecting a communication system 
to the earth and neutral wires of the mains supply is 
that in a three-phase distribution system, the 
communication system extends to all parts of the building 
to which any phase extends. In a communication system 
connected between the line and neutral wires, the 
coverage will only extend to the line wires of the one 
phase to which the system has been connected. In order 
to filter signals on a three-phase supply, where three- 
phase delta connected loads are involved, the three- 
phase lines plus the neutral must pass through a single 
encircling ferrite loop so that the current balanci at 
the power frequency is achieved at all times, i.e. 
different single phase loadings, three-phase balanced 
loads (no neutral current) and three-phase unbalanced 
loads. In this way, the three phases could be 
considered as the live in a single phase circuit and 
then the filter is electrically the same (although 
possibly larger) to contain the conductors irrespective 
of the current passing through them. 

In situations where no three-phase delta 
connected loads are involved, each phase may be 
separately filtered with a neutral being provided to 
each phase but a filter as previously described must be 
used on each phase and neutral. 
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Claims 



1. An electrical filter for application to electrical cables 

including a line cable, a neutral cable and an earth cable, the 



filter comprising a first loop including a capacitor and a second, 
5 ferrite, loop encircling said first loop and for encircling the 
neutral and line cables but not the earth cable. 

2. A filter system comprising two filters as claimed in Claim 1 
and a series resonant circuit tuned to the frequency of signals 

• ^ m deSired *° * ^eluded, for connection between one of the 
10 line and neutral cables and the earth cable between the two filters. 

3. A filter substantially as hereinbefore described with 
.reference to and as illustrated in Figures 1 to 3 of the accompanying 
drawings. 

4. A filter system substantially as hereinbefore described with 
IS reference to and as illustrated in the accompanying drawings. 



1/1 

INSIDE 



EARTH 



0141673 

I 

I OUTSIDE 
I r 13 



NEUTRAL , 
LINE 



FERRITE 









22^ 


RECEIVER 


J5 


TRANSMITTER 






F/G.1. 



31 

NEUTRAL ctj faL, 
"1 Ht/32 



13 




X.22 



NEUTRAL 
EARTH 



J 



✓TOW 



vww 1 



\ 



F/G.3. 



i 



EARTH /r/G.2. 



INSIOE 

21 c 11 




IOUTSIDE 



NEUTRAL 



Ft Q A. 

FIG. 5. 



EARTH 




